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Lung cancer is the most prevalent cancer type globally. Over 
1.8 million new cases are diagnosed and 1.6 million deaths 
are reported yearly. The 5-year survival rates of lung cancer 
vary in different disease stages, histological types, genders 
and regions. Early screening, detection and treatment 
are helpful to improve survival rates (1). In the last few 
years, targeted therapy is becoming a promising strategy 
for advanced lung cancer patients. In general, targeted 
therapies include tyrosine kinase inhibitors (TKI) of active 
epidermal growth factor receptor (EGFR) mutations, 
anaplastic lymphoma kinase (ALK) rearrangement or 
angiogenesis, as well as some monoclonal antibodies 
for vascular endothelial growth factor (VEGF) (2).  
In recent issue of Theranostics, Wu et al. reported one of 
the molecular mechanisms for drug resistance (3). They 
unraveled a comprehensive regulatory loop of EGFR-TKI 
resistance in lung carcinoma by in vitro and in vivo studies 
together with validation from primary samples. Their 
findings came up with a novel therapeutic direction for lung 
cancer patients with EGFR mutations.

TKI therapy for EGFR mutation in lung 
carcinoma

Concerning to the variations in clinical characteristics, 
histological features and response to treatment, lung cancer 

is subgrouped as two main classes, 10–15% as small cell 
lung carcinomas (SCLC) and 80–85% as non-small cell 
carcinomas (NSCLC). In current treatment guidelines 
and standards, surgery is recommended for NSCLC, 
and chemotherapy and/or radiotherapy are more eligible 
for SCLC (4). As the emergence of driver mutations, 
targeted therapy against specific oncogenic mutation has 
been developed in preclinical trials and clinical use. Great 
progress has been made in diagnosis and treatment (5). 
EGFR is known as a receptor tyrosine kinase. The EGFR-
activating mutants make up a major class in NSCLC. TKIs 
against EGFR mutants have therefore been developed and 
applied for patients. Notably, patients harboring the EGFR-
exon 19 frame deletions and the exon 21 L858A single point 
mutation are found most sensitive to TKI treatment. The 
first-generation TKI such as gefitinib and erlotinib (6,7), 
and the second-generation TKI afatinib are considered as 
a standard TKI therapy (5). These targeting TKIs not only 
increase response rates, but also improve better overall 
survival. Despite of the favorable initial outcomes, the 
disease recurrence is frequently observed in a large number 
of patients. The main reason is TKI drug resistance. About 
50% of NSCLC patients with TKI resistance are identified 
as T790M mutation positive. The TKI targeted therapy 
for these patients is still facing lots of limitations such as 
toxicity and other adverse effects (8). Hence, the molecular 
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mechanisms for acquired resistance of TKIs remain to be 
clarified. Wu et al. thus provided novel molecular evidence 
to indicate miR-630/YAP1/ERK regulatory feedback loop 
which might contribute to TKI resistance in NSCLC 
patients with EGFR mutation (3). They also proposed that 
combination of TKI and other targeted inhibitors might 
ameliorate the TKI resistance effect and reduce tumor 
recurrence rate in EGFR-mutated lung adenocarcinoma 
patients.

Low miR-630 confers to TKI resistance in lung 
carcinoma

MicroRNAs (miRNAs) are non-coding endogenous RNAs 
that can recognize and bind to the 3' untranslated region (3' 
UTR) of targeted mRNA, thus to repress the expression of 
the targeted genes (9). Accumulating number of studies have 
demonstrated the multifunctional roles of miRNAs during 
the initiation and progression of lung carcinomas. The 
specific signatures discovered by miRNA profiling have been 
applied in both early diagnosis and prognostic prediction. 
miRNAs also serve as potential biomarkers and therapeutic 
targets for cancers (10). Because of the low degradation 
in formalin-fixed paraffin-embedded (FFPE) samples and 
existence in body fluids, miRNAs acquire much interest 
in lung cancer research as non-invasive biomarkers (11). 
During the past few years, the dysregulated miRNAs, which 
were associated with TKI resistance, have been identified in 
EGFR-mutation lung adenocarcinoma. Among these altered 
miRNAs, some of them induces resistance through regulation 
of apoptosis related genes. For example, upregulated 
miR-21 (12), miR-19b (13), and miR-221/222 (14),  
or downregulated miR-200 (15), miR-451 (16), and miR-
34a (17), were strongly correlated with TKI resistance 

through targeting multiple apoptosis related genes (Table 1). 
In this study, the authors examined miR-630 expression in 
six lung adenocarcinoma cell lines with EGFR mutation (3).  
They detected high expression of miR-630 in gefitinib-
sensitive cells, while gefitinib-resistant cells showed relative 
low expression. The result implied the correlation between 
miR-630 and gefitinib responses in EGFR-mutated lung 
adenocarcinoma. Interestingly, in a gefitinib responsive cell 
line, miR-630 was increased after gefitinib treatment. Their 
findings established that miR-630 is strongly associated 
with TKI-resistant therapy. By treating with gefitinib, the 
gefitinib-resistant cells exhibited a relative stable level of 
pERK and pAKT, which led to the increase binding activity 
of SP1 to miR-630 promoter thus to inhibit the expression of 
miR-630. It clearly elucidated how miR-630 was involved in 
TKI resistance and exhibited therapeutic potential in treating 
TKI-resistant cases.

Hippo pathway and TKI therapy in lung 
carcinogenesis

The key components  of  Hippo s ignal ing such as 
MST1/2, LATS1/2 and YAP1/TAZ are involved in 
lung tumorigenesis to promote cancer cell proliferation 
and suppress apoptosis (18-20). YAP1 is known as the 
functional downstream effector of Hippo signaling. YAP1 
not only displays oncogenic function, but also confers to 
TKI resistance. In NSCLC patients, aberrant increase of 
YAP1 was detected and activated YAP1 was significantly 
associated with poor prognosis (21). A recent study reported 
that the YAP1-mediated signaling was regulated by EGFR 
related crosstalk in hepatocellular carcinoma (HCC), 
meanwhile YAP1 inhibition by inhibitors enhanced the 
EGFR-TKI treatment response (22). The upregulation 

Table 1 miRNA list involved in lung adenocarcinoma TKI resistance through apoptosis regulation

miRNA Expression Putative targets and mechanisms involved in TKI resistance

miR-21 Up Targeting PTEN and PDCD4, and inhibiting apoptosis (12)

miR-19b Up Enhancing apoptosis resistance by targeting PP2A and BIM (13)

miR-221/222 Up Targeting multiple genes, such as TRAIL, CDKN1B, PTEN, TIMP3, PUMA, BIM, and APAF1, thus to inhibit 
apoptosis (14)

miR-200 Down Targeting MIG6 to induce cell apoptosis (15)

miR-451 Down Downregulating RAB14 and increasing the expression of BAX or Bad, thus enhancing apoptosis (16)

miR-34a Down Targeting MET and inducing apoptosis (17)

TKI, tyrosine kinase inhibitors.
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of YAP1 was observed in lung cancer cell lines which 
acquired gefitinib-resistance and overexpression of YAP1 
induced EGFR-TKI resistance. Moreover, inhibiting 
YAP1 improved the sensitivity of EGFR-TKI drugs in 
lung adenocarcinoma with primary or acquired EGFR-
TKI resistance (23). Similarly, Wu et al. reported higher 
expression of YAP1 was presented in lung cancer cell lines 
with gefitinib-resistance compared to the parental cell lines 
without TKI resistance (3). Since YAP1 was a potential 
target of miR-630 (24), they tried to reveal the correlative 
regulation between miR-630 and YAP1 in the EGFR-TKI 
resistance of lung carcinogenesis. As shown in their results, 
YAP1 was increased by inhibiting miR-630, while miR-
630 overexpression suppressed the expression of YAP1. 
Thereby, YAP1 was proved to be the most important target 
of miR-630 driving EGFR-TKI resistance. Further, they 
confirmed that the function of miR-630/YAP1 was mainly 
mediated by ERK signaling instead of AKT signaling. The 
authors highlighted the significant regulatory loop of miR-
630/YAP1/ERK contributing to EGFR-TKI resistance in 
lung adenocarcinoma.

Decreased apoptosis also gives rise to EGFR-
TKI resistance

Inducing apoptosis is one of the major strategies for anti-
tumor therapy and anti-apoptosis effects do exist in TKI-
resistance. Sordella et al. previously reported that EGFR-
mutated NSCLC cells activated AKT and STAT signaling 
pathways to resist apoptosis and facilitate cell survival. 
Thus, the cancer cells were much resistant to conventional 
chemotherapeutic drugs. However, targeting mutated 
EGFR, or using pharmacological inhibitors of AKT and 
STAT, dramatically induced expanding apoptosis and 
reversed the drug resistance NSCLC cells with EGFR 
mutation (25). In recent years, miRNAs have been 
demonstrated as promising therapeutic targets against 
tumorigenesis and TKI resistance. A study indicated the 
miR-21 overexpression, regulated by EGFR signaling, 
contributed to lung carcinogenesis through inhibiting 
apoptosis. To identify the apoptosis-related factors involved 
in miR-630/YAP1/ERK mediated EGFR-TKI resistance, 
the authors performed a chip assay to screen which protein 
dominantly increased after miR-630 overexpression. The 
Bcl-2-associated death (BAD) promoter, a pro-apoptotic 
member involves in the beginning of apoptosis, was  
revealed (3).  When re-overexpressing miR-630 in 
TKI resistance cells, the level of Bad was restored and 

apoptotic response was stimulated. Integrating their 
results, suppression of miR-630 and degradation of Bad 
were correlated with the persistent increase of the YAP1 
and activation of ERK. This molecular mechanism was 
proposed to mediate the TKI resistance in lung carcinoma 
with EGFR mutation. Targeting the regulatory miR-630/
YAP1/ERK loop might have clinical implication.

Summary and future direction

With comprehensive evidences, the authors elucidated 
a  potent regulatory cascade that  confers  to lung 
adenocarcinoma cells harboring EGFR mutation. In this 
study, down-regulation of miR-630 was screened in TKI 
resistant cells. Its decrease led to the activation of YAP1 
and ERK signaling. Conversely, the intense binding of SP1, 
an ERK dependent transcription factor, suppressed miR-
630 expression and the pro-apoptotic protein Bad. The 
miR-630/YAP1/ERK feedback loop, therefore, reduced 
cell apoptosis and induced TKI resistance persistently. To 
summarize this study, reduced expression of miR-630 is a 
trigger in the feedback loop contributing to TKI resistance. 
Upregulation of YAP1 and activation of ERK signaling 
were further delineated how lung cancer cells resist TKI 
treatment and devoid apoptosis.

Targeting this feedback loop hints a novel direction for 
reversing TKI resistance. Combining administration of 
the YAP1 inhibitor VP, or the ERK inhibitor AZD6244, 
together with the TKI might resolve the problem in tumor 
recurrence. This combinational therapeutic strategy sheds 
new light on the EGFR-mutated lung adenocarcinoma 
patients who are resistant to TKI therapy.
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